SUMMARY Family data on 299 probands with spinocerebellar types, 163 with late cortical cerebellar atrophies (LCCA), and 180 with olivopontocerebellar atrophies (OPCA) were analysed. Spinocerebellar types included cases with cerebellar ataxia combined with spasticity. Their family history was not compatible with sex linked inheritance. There were few recessive cases occurring before 24 years of age. The majority of cases were products of non-consanguineous marriages in which one partner was affected. The genetic ratio was 0 5 for each decade at onset between 20 and 59, suggesting that these cases were dominant. The proportion of these familial cases, however, decreased with increasing age at onset, and there were quite a few sporadic cases among the elderly. LCCA and OPCA were considered to represent extremes of a correlated disease spectrum. Although they were weakly familial, single gene heredity was rejected. Sib recurrence rate was 7 -5 % for LCCA and 9*4 % for OPCA. When calculated for different age groups at onset, the rates decreased with increasing age in the two diseases. The rates increased to 25 % and 20 %, respectively, given two sibs already affected, and to 37 5 % and 22-2 % when three were affected. These patterns were incompatible with single gene mechanisms and were similar to those in multifactorial diseases with a threshold effect.
Although familial onset characterises spinocerebellar degenerations (SCD), the genetic mechanisms of the diseases have been controversial. Because of the lack of specific metabolic abnormalities in abiotrophic varieties, clinical-genetic entities of SCD had to be established by defining clinical syndromes which corresponded to a certain pattern of heredity. Unfortunately, however, delineation of the entities in this way was often seriously hampered in SCD because of poor correlation between the clinical picture and the pathological picture, with mixed or intermediate cases between two given types, different modes of heredity for the same clinical entity, seemingly different clinical forms occurring in the same family, etc.
The present report summarises the results of genetic analyses in 844 probands with SCD recently collected in Japan. Although the analyses included all recognisable types of SCD, special emphasis was placed on abiotrophic cases showing cerebellar ataxia starting in adult life, whose patterns of heredity were particularly obscure. The cases included, among others, olivopontocerebellar atrophies, late cortical cerebellar atrophies, and cases Spinocerebellar types This disease comprised, in the present study, cases of abiotrophic, predominantly cerebellar ataxia associated with pyramidal signs, but with no other major neurological disorders. Hyperreflexia alone and pathological reflexes alone were accepted as pyramidal signs although most cases showed both, particularly in the lower extremities. Ocular signs, tremors, sensory changes, muscular atrophies, and congenital defects ranging from retinitis pigmentosa and deafness to minor anomalies were noted in many cases accepted, but these were not conditions for acceptance.
Late cortical cerebellar atrophies (LCCA) Cases with chronic, progressive, abiotrophic, predominantly cerebellar ataxia were In diagnosing these three diseases, age of onset and family information were not considered, so that no bias would be introduced into the genetic analyses and age-specific calculations of various parameters.
CASES ACCEPTED Table 1 summarises the 844 probands, 509 males and 335 females, accepted for the present analysis. The proportion of probands with affected parents or sibs or both were 5719%y, 27-6%, and 23.3%, respectively.
SPINOCEREBELLAR TYPES
Familial aggregation was a prominent feature in this disease compared with the other two. X linked inheritance was rejected because there were 71 instances of father-to-son transmission, which never occurs in X linked recessive heredity. There were 74 male and 52 female sporadic cases whose parents were normal; again this does not occur in X linked recessive heredity. In X linked dominant inheritance, all the daughters but none of the sons of affected fathers are affected, but in our cases affected fathers transmitted the disease equally to sons and daughters.
Evidence for a small number of autosomal recessive cases was as follows. The proportion of second cousin matings and closer consanguinity was 18 % among parents who were normal, but 11 2 % when one of the parents was affected. The former figure was apparently raised but the latter was predictable for marriages in Japan where inbred mating used to be common. For further verification of recessive transmission in some cases, a genetic ratio was calculated by the method explained in table 3. In 20 sibships with normal and inbred In summary, autosomal dominant inheritance, with reduced penetrance in females, was highly likely in cases whose parents were affected. It may be that there were new mutants in addition to these cases, as well as a few dominant cases whose gene was transmitted through non-penetrant mothers.
In any dominant disease there are some sporadic cases resulting from new mutations, but there were too many sporadic spinocerebellar cases to explain in this way. Moreover, the proportion of sporadic cases was larger among the elderly, suggesting that there were some age-related mechanisms other than single gene heredity which caused sporadic occurrence at older ages, but to a lesser extent at younger ages. The large numbers of sporadic spinocerebellar cases aged 20 to 59 at onset is shown in the appendix. The proportion of sibships containing a nonsegregating sporadic case was 39-1 00. For cases aged 50 to 59 at onset, as many as a half of the sibships were non-segregating sporadic cases.
LCCA AND OPCA Familial aggregation was less prominent in these diseases. The family patterns were almost identical and are presented jointly.
The various single gene transmissions were evaluated as described for spinocerebellar types and were immediately rejected. Details are not presented here to avoid redundancy.
The sib recurrence rate is shown in table 4. The overall crude rates were 7-5 and 9 40, respectively, given that one sib was already affected. When calculated for decades of life, the values were largest during the decade 40 to 49, but decreased with age. On the other hand, the overall rates given that two sibs were affected were 25 and 20%Y, and 37-5 and 22-20% given that three sibs were affected for LCCA and OPCA, respectively.
Familial aggregation was less prominent in cases occurring at older ages, the diseases always being sporadic over 60 years, and the risks increased when a larger number of sibs in the same sibship were already affected. These patterns were totally incompatible with single gene inheritance in which each sib has a fixed probability of being affected, for Alternatively, a statistically more adequate method is to collect the proband cases in a systematic and unbiased way and analyse the family patterns. A good method would be where complete ascertainment is achieved in a defined population at a defined time and diagnosis is made by a single investigator using rigid criteria. In reality, however, various technical difficulties interfere with the feasibility of such statistical and epidemiological approaches. For example, pathological verification in every proband case collected is usually impossible, and clinical diagnostic criteria usually have to be relied upon. In rare diseases like SCD, the collection of probands and family surveys are necessarily indirect and biases result in various aspects of the study. The works of Bell and Carmichael6 or Sjogren,7 among others, which contributed greatly to current knowledge of the genetics of SCD, were not above such criticism.
Unfortunately, as already emphasised, even the clinical and pathological spectrum has yet to be established in abiotrophic cerebellar ataxias, and this was the major target of this study. Therefore, it appeared advisable to apply comprehensive diagnostic criteria and simple or robust methods of genetic analysis.
GENETIC MECHANISMS OF SPINOCEREBELLAR TYPES Spinocerebellar types, though fairly uniform clinically, are rather complex genetically. We found that there were (1) practically no X linked cases, recessive or dominant; (2) few recessive cases occurring at younger ages, probably 20 or less; (3) about 50O% dominant cases with reduced penetrance in the female; and (4) an excess of sporadic cases in increasing proportion with increasing age at onset, which could not be attributed to new mutation.
It must be stressed, however, that the delineation of spinocerebellar types in this study was somewhat arbitrary and artificial and included clinical cases of predominantly cerebellar ataxia associated with pyramidal signs, but with no other major neurological disorders. The Marie.8 In the light of the present results, at least three groups of cases, recessives, dominants, and nonsegregating sporadics, appear to be separable genetically in a comprehensive group of spinocerebellar types basically equivalent to 'Marie's ataxia'.
GENETIC MECHANISMS OF LCCA AND OPCA These showed identical family patterns, which indicated that the diseases were less familial than spinocerebellar types and none of single gene heredities could be involved, and that the sib recurrence rate pointed to a multifactorial causation of the diseases.
The genetics of these diseases has not really been seriously investigated. There has been discussion on how sporadic cases of LCCA are related to familial cases,'3 and how sporadic cases of OPCA are related to familial cases.'4 Most pathologists, including Greenfield,"l were unable to distinguish between sporadic and familial cases pathologically. This is quite understandable for a geneticist because, in any given disease, it is basically a matter of probability whether a patient is an isolated case or whether one or more relatives are affected through the same causative mechanism, and division of the cases into an isolated group and a familial group is hardly an aetiological division.
LCCA and OPCA are known to represent the extremes of the same, or a closely related, disease spectrum from both the clinical and pathological points of view. It was, therefore, predictable and extremely important that the present study indicated identity of their family patterns, because this supports the view that the two diseases are a continuum resulting from the same, or at least a closely related, aetiological mechanism.
In the past it has been suggested that familial cases are dominantly inherited and that isolated cases are not hereditary. This is an artificial combination of two untenable hypotheses. The 
